A new technique for the treatment of subglottic stenosis is reported. A composite hyoid bone with sternohyoid muscle graft is used to replace the anterior arch of the cricoid, combined with a vertical split of the posterior lamina of the cricoid. Internal splinting is maintained with a Silastic mould. Ten patients with established subglottic stenosis, 7 from traumatic and 3 from non-traumatic causes, have been treated. All patients needed a tracheostomy for maintenance of an airway prior to operation. Nine patients were successfully decannulated two weeks after removal of the internal Silastic splint. Five of the 10 patients were children under the age of 13 years.
Introducton
Established subglottic stenosis has always been a surgical challenge. Unlike tracheal stenosis, where the narrowed segment may be excised and an end-to-end anastomosis carried out, excision of the cricoid cartilage (the site of the subglottic stenosis) is almost certain to cause damage to the recurrent laryngeal nerves. The immediate posterior relationship of the recurrent laryngeal nerves to the cricothyroid joints has been well demonstrated by Gerwat & Bryce (1974) . The operation to be described accepts that the recurrent laryngeal nerves are the major limiting factor and is a combination of the technique described by Grahne (1971) and that of Finnegan et al. (1975) .
Methods
Operation has been carried out on 10 patients, 7 with traumatic and 3 with non-traumatic subglottic stenoses. Three of the traumatic group had been severely injured and it was difficult to be sure whether the subsequent subglottic stenosis was due to primary laryngeal injury, or due to intubation which was necessary for positive pressure respiration, as part of the resuscitation measures. Of the remaining 4, 2 had fractures of the cricoid ring, one had cricotracheal separation and one had a high tracheostomy as the cause for stenosis. In the non-traumatic group one child of 18 months had multiple subglottic cysts, one patient had a cricoid chondroma and the other had a granuloma of unknown aetiology.
Five of the 10 patients were children aged from 18 months to 13 years. All patients had a stenosis severe enough to warrant a tracheostomy for the maintenance of an adequate airway prior to the repair, which was carried out four months after the initial injury in the traumatic group.
The operation performed was similar in all the patients. General anaesthesia was maintained via a tracheostomy tube. A horizontal skin incision to include the platysma was made at the level of the cricoid cartilage. Elevation of the skin flaps was continued upwards so that the hyoid bone could be exposed. The lower flap was not usually elevated as low as the tracheostomy since this predisposed to wound infection. The cervical fascia was divided in the midline and one sternohyoid muscle delineated. Special care was taken to avoid damage to the superior laryngeal nerve near the medial surface of the muscle. The hyoid bone adjacent to the sternohyoid muscle was divided medially and laterally and freed from the suprahyoid muscles Figure I) . The anterior borders of the thyroid, cricoid and upper three tracheal cartilages were exposed. If the larynx required opening, the anterior perichondrium was divided in the midline and elevated laterally as for a laryngo-fissure. A midline incision into the lumen of the cricoid cartilage exposed the affected area and was usually extended superiorly through the lower part of the thyroid cartilage and inferiorly through the first and second tracheal rings for better access. Any fractured anterior cricoid cartilage was excised. The fibrous stenosis within the lumen of the cricoid was excised as completely as possible. Once the airway had been cored out to a sufficient size, a vertical midline incision was carried out through the posterior lamina of the cricoid cartilage down to the oesophageal musculature ( Figure 2 ). An immediate springing apart of the two halves was invariably felt once this incision had been effectively carried out, and a wide lumen resulted. The pedicled hyoid bone was then interposed between the cut edges of the anterior cricoid cartilage and wired in place using stainless steel sutures ( Figure 3 ). Before securing the hyoid in place a well-fitting homemade solid Silastic mould was inserted ( Figure 4 ). No grafting was used and mucosa was allowed to regenerate around the slippery non-irritant mould so that by the time of its removal there were no raw areas and only the occasional mucosal polyp. Figure 5 shows the shape of the mould. The flanges fit very comfortably into the laryngeal ventricles and the cords are held at rest. The moulds were modelled by using cadaver larynges which were judged to be the same size as the patient's larynx. Hearing aid mould material was used to take an internal cast. Once set the cast was removed and a plaster of Paris mould then created around the cast. Next, the hardened plaster was divided vertically and the cast of hearing aid mould material removed and discarded. The two halves of the mould were then strapped together and liquid Silastic poured in via a small hole at the top. A piece of strong thread was inserted in the top of the mould so that when the Silastic had set the thread was incorporated. This greatly facilitated removal of the splint via laryngoscopy after about six weeks.
This method produced moulds which were the correct size for the patient and were comfortable. They undoubtedly aided healing by stabilizing the repair and encouraged 
Results
Nine of the 10 patients were successfully extubated within two weeks of mould removal. The operation failed in one 12-year-old boy who had fractured his cricoid cartilage. After operation he developed a new stricture between the lower border of the mould and the tracheostome. The cause of this remains unknown. When the second stricture eventually stabilized it measured 5 em in vertical length and, despite the use of Montgomery T-tubes, it eventually had to be managed by excision of the stenosis and end-to-end anastomosis of the trachea. The patient was then successfully extubated and now, three years later, he still has an excellent voice and airway with normally functioning vocal cords.
The remaining 9 patients had an uneventful postoperative recovery, except for a wound infection in the 18 months' old child (with stenosis caused by congenital subglottic cysts). This infection tracked along the course of the nylon stay suture and resolved by simple surgical drainage and ampicillin. She has had no further problems. All patients swallowed normally within 24 hours of o p e r a t i o n . ' "
The follow-up time of these patients has ranged from six months to five years. Minimal stridor is present in two of the adults, but this is not enough to hamper day-to-day activities. All patients have bilaterally mobile vocal cords. One child (Case 1 below) has a husky voice which is probably due to over-widening of the larynx secondary to the vertical split of the posterior plate of the cricoid causing the arytenoids to be further apart than normal. Five patients are judged to have normal voices and the remaining 4 can be clearly understood on the telephone, although they feel the pitch has changed, usually to a lower tone. The repairs carried out in children seem to be 'growing with the child' as judged clinically and by lateral neck radiography. In 5 patients the body of the hyoid bone is clearly visible at the repair site on X-ray and probably is viable bone. The remaining 5 patients have no radiologically ossified hyoid bone at the repair site and yet no significant re-stenosis has so far been observed.
Case reports
Case 1 (traumatic): This 9-year-old girl was struck by a car on 19 September 1978. She was dragged underneath the car for about thirty feet (9 m). On admission to hospital she was deeply unconscious with fixed dilated pupils and an apparent left hemiplegia: A right carotid angiogram showed no obvious defect in the cerebral blood flow or localized brain contusion. A bruise was noted on the anterior neck skin. She was intubated and ventilated. She was judged fit for extubation after ten days, but stridor developed within a few hours of removal of the endotracheal tube which soon had to be replaced. Extubation failed on three further occasions and on 5 October a tracheostomy was performed; granulations were seen immediately below the vocal cords both anteriorly and posteriorly in the subglottis. She appeared to manage quite well with the tube corked off and after nine days she was extubated. A second tracheostomy became necessary on 27 October and on the occasion she was noticed to have a tight circumferential stricture 0.5 cm below the vocal cords. The lumen measured 3 mm in diameter. This appeared to dilate easily with a bougie to 25 French gauge, but restenosis quickly occurred and formal excision of the subglottic stenosis was carrried out on 7 June 1979, using a sternohyoid muscle hyoid bone graft as described above. Figure 7A shows the preoperative radiological appearance demonstrating an apparent total obstruction at cricoid and upper tracheal level, though at exploration a tiny posterior lumen was found in addition to the gross fibrous stenosis which measured 2.5 em in length. The upper end was 0.5 em below the anterior commissure. The anterior lamina of the cricoid was replaced by fibrous tissue and it was felt that she had had a previously fractured cricoid plate which had not been diagnosed. In retrospect, suspicion might have been raised by the severity of the original neck bruising.
The stenosis was cored out, the posterior lamina of the cricoid split vertically, and a wellfitting solid Silastic mould inserted without grafting the raw area. The mould was removed on 26 July 1979 (seven weeks later) and the vocal cords were seen to be mobile. The subglottis was epithelialized, although a bit red. Direct laryngoscopy on 9 August 1979 revealed a small area of granulation tissue on the posterior subglottis; this was removed and the child extubated. She has had a husky voice since the operation, but a check laryngoscopy on 4 October 1979 showed fully mobile vocal cords and a subglottic and tracheal lumen which was well healed and accepted a 7 mm bronchoscope with ease. The arytenoids appeared to be more lateral than would be expected for a child of her age -possibly due to over-widening of the airway, secondary to the posterior cricoid split, as suggested earlier in this paper. This might explain her huskiness. She was the only patient to have had this problem and despite it she remains well with a good airway. Figure 78 shows the appearance of her airway on lateral neck Xvray on 30 October 1980, and also demonstrates the hyoid bone graft which is probably viable ..
Case 2 (non-traumatic):
A 33-year-old man presented on 14 April 1980 with increasing stridor over the previous 18 months. The stridor was mainly inspiratory, but an expiratory phase was clearly audible. Indirect laryngoscopy demonstrated normal, mobile vocal cords, but one centimetre below the vocal cords a subglottic swelling was seen. The mucosa appeared normal and the lesion, although circumferential, was most obvious anteriorly. Apart from chronic sinusitis, no other abnormality was found. Figure 8Ashows the preoperative lateral neck xray demonstrating the subglottic stenosis. A tracheostomy became necessary on 1 May 1980. Direct laryngoscopy showed the stenosis had a lumen of about 4 mm and was mainly situated in the posterior part of the subglottis. The stenosis appeared to be about 2 em in length. The main mass was covered with abnormal mucosa, and was so firm that when biopsied it felt like a chondroma. Microscopic examination showed chronic inflammation only. A blood film and ESR were normal. He managed well with a speaking-valve tracheostomy tube, but since there was no improvement in the stenosis this was explored on 13 July 1980. The operation was as already described. The stenosis which had to be carved out was still very suggestive of a chondroma. Microscopic examination again showed no evidence of chondroma, though a nonspecific granuloma was suggested. His mould was removed on 14 August. He was Figure 8 . Case 2. A, preoperative lateral neck X-ray showing circumferential subglottic stenosis. B, postoperative lateral neck X-ray showing improvement in subglottic airway extubated on 21 August after a direct laryngoscopy which showed an excellent airway with healthy mucosa. A 10 mm endotracheal tube could be inserted with ease and both vocal cords were fully mobile. He now has a normal voice and full exercise tolerance: six months later he still has no sign of recurrence of his possible granuloma. Figure 8n shows a postoperative lateral neck X-ray taken on 15 November 1980, and demonstrates a satisfactory airway. The hyoid bone is not readily identifiable and may have been resorbed. Arbuckle (1927) first reported an operation to correct subglottic stenosis which consisted of a laryngo-fissure, excision of scar tissue and grafting of skin held in place by a rubber sponge mould. Schmiegelow (1929) reported a similar operation that he had been using since 1910 except that skin grafting was not part of the technique. Another variation was reported by Lejeune & Owens (1935) .
Discussion
The hyoid bone was first used by Looper (1938) who wedged a piece of autograft hyoid bone between the thyroid cartilages to correct laryngeal stenosis, but it was Bennett (1960) who used it for the correction of subglottic stenosis with the addition of an acrylic mould for internal support.
Major contributions in the field of subglottic stenosis surgery have been made by Fearon & Cotton (l972a, b) and Fearon & Cinnamond (1976) , who published their experimental and clinical experience using thyroid or costal cartilage to widen the anterior arch of the cricoid, with very promising results. Laryngotracheoplasty, as described by Evans & Todd (1974) , is also a successful method of dealing with the problem in children, but the step incision on the anterior tracheal wall is more difficult to create in the adult with partially ossified cartilage.
The experimental work of Finnegan et al. (1975) and Alonso et al. (1975) revived the interest in the use of the hyoid bone. Finnegan et al. (1975) created a severe subglottic stenosis in 16 adult dogs and later successfully repaired the defect using an autograft hyoid bone on a sternohyoid muscle pedicle to wedge open the anterior cricoid ring. Their experimental findings suggest that the body of the hyoid bone visible at the repair site on X-ray in 5 of the patients in the present series is viable bone. In 1977 Ward et al. described the use of Finnegan's operation in humans. Alonso et al. (1975) used a free autograft hyoid bone in dogs and later in humans with successful results in 5 out of 6 patients.
The recurrent laryngeal nerves remain the major limiting factor in subglottic surgery. Apart from the one patient who has a husky voice (Case 1), in the present series no limitation of vocal cord mobility has occurred and satisfactory vocal cord funcion has been achieved. The body of the hyoid bone is shaped in such a way that the posterior surface is concave, the curvature being conveniently like that of the cricoid cartilage, and when the hyoid body is placed in the anterior arch of the cricoid it completes a very satisfactory ring. The sternohyoid muscle attached to the periosteum of the hyoid bone ensures as far as possible that the blood supply is intact. There is no evidence, except perhaps radiologically, that the autograft bone is viable in the human, but the work of Finnegan et al. (1975) in dogs suggests that at least twothirds have no significant bone resorption. Grahne (1971) reported on 7 cases of subglottic stenosis in infants treated by a laryngofissure with excision of scar tissue, but in addition the posterior plate of the cricoid was incised vertically in the midline down to the oesophageal musculature. A hollow mould was used to splint the two halves of cricoid apart. All 7 children were successfully decannulated. The vertical split of the posterior plate of the cartilage undoubtedly enlarges the subglottic lumen significantly by allowing the two halves of the cricoid to spring laterally. This makes mould positioning simpler, especially in children, but over-widening of the glottis and resultant vocal abnormalities might have occurred in our Case 1.
Most authors recommend grafting the raw subglottis after excision of scar tissue, either with split-skin or buccal mucosa. Neither was tried in the 10 patients in this series, and provided the mould can remain undisturbed for six weeks the quality of mucosal regeneration appears excellent. The material of the mould must not excite undue tissue reaction and it is suggested that a well-fitting tailormade Silastic mould is effective on this count.
The maximum period of follow up in this series is 5 years, and so far re-stenosis has not been a problem. Concern is always present when operating on the growing child's larynx, but in the 5 children reported the repair seems 'to have kept pace with growth. This may be another advantage of living vascularized bone.
Although this may be yet another operation to add to the already long list suggested for the complex problem of subglottic stenosis, it appears to have the advantage of reliability and a low complication rate.
